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CROSS-REFERENCE TO RELATED APPLICATION(S) 

[1001] This application is related to the following, co-pending, commonly-owned, 
U.S. Patent Applications: 

Application No. 10/074,396, entitled "Mechanism to Minimize Failure in 
Differential Sense Amplifiers," filed February 11, 2002, and naming Nadeem 
N. Eleyan, Howard L. Levy and Jeffrey Y. Su as inventors; 

Application No. 10/123,480, entitled "Variable Delay Compensation for Data- 
Dependent Mismatch in Characteristic of Opposing Devices of Sense 
Amplifier," filed April 16, 2002, and naming Nadeem N. Eleyan, Howard L. 
Levy and Jeffrey Y. Su as inventors; and 

Application No. , entitled "Test Circuit for Measuring Sense 

Amplifier and Memory Mismatches," filed on even date herewith, and naming 
Nadeem N. Eleyan, Howard L. Levy and Jeffrey Y. Su as inventors, Attorney 
Docket No. 004-30059. 

BACKGROUND 
Field of the Invention 

[1002] The present invention relates generally to integrated circuits and, more 
particularly, to sensing offsets in an integrated circuit configuration susceptible to 
data-dependent creep in device characteristics. 
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Description of the Related Art 

[1003] Typically, modern semiconductor memories (whether embodied in a 
memory integrated circuit or incorporated in larger designs, e.g., as cache memory of 
a processor integrated circuit) employ differential bit lines and some sort of 
differential amplifier or sensing circuit in their design. Such differential amplifier and 
sensing circuits are commonly known as sense amplifiers (sense amps) and a wide 
variety of sense amplifier designs are known in the art, including current sensing and 
voltage sensing variations. 

[1004] Generally, when designing memory sense amplifiers, great care is taken to 
optimize timing and balance. Typically, a signal such as a strobe or equalization 
signal (EQ) is used to time sense amplifier operation. For. example, transitions in an 
EQ signal are often used to equalize the sense amplifier nodes (SA and SA__L) for a 
period that allows opposing bit-lines (BL and BLL) to develop sufficient voltage 
differential to support sensing. Once the BL & BL_L have developed sufficient 
differential, EQ is transitioned to cause the sense amplifier to actually sense the 
developed differential. 

[1005] Particular care is taken in design and fabrication to achieve balance 
between device and parasitic parameters on either side of the amplifier. Differential 
sense-amplifiers are designed to detect very small differences in either voltage or 
current signals from information read from a memory cell (typically, via a differential 
pair). Accordingly, a mismatch between the sides of the sense amplifier (or the circuit 
to which it is coupled), can result in a sense amplifier output that incorrectly flips (i.e. * 
is sensed) in a direction opposite to that of the stored value. In other words, the sense 
amplifier may sense a value of ' 1' instead of the actual c 0,' that is stored in an 
addressed cell, or vice-versa. One way to address this problem is to introduce more 
delay into the signal which evaluates the sense-amplifier, thus causing a reduction in 
performance. 

[1006] Generally, if the period defined by an EQ transition is too short, then the 
bit-lines may not develop sufficient differential for the sense amplifier to correctly 
sense the data being read from an addressed memory cell. On the other hand, if too 
much time is allowed for EQ, then access time of the memory circuit is increased and 
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achievable operating frequency (or at least memory access bandwidth) may be 
reduced. Therefore, in high-speed designs, the EQ signal delay path is designed to 
deliver the EQ transition at just the right time to ensure that correct data is being read, 
while aiming to minimize shortest cycle time. 

[1007] The "right time" is typically a function of variations, potentially wafer-to- 
wafer variations or chip-to-chip variations, in the fixed electrical characteristics of 
fabricated circuits. To compensate for such variations, metal options may be added to 
a design to allow an EQ signal delay path to be tuned to the particular requirements of 
an integrated circuit. For example, a focused ion bean (FIB) fix may be employed to 
cut the EQ metal and insert additional buffering into the EQ signal path. 
Unfortunately, such a fix is both costly and only ensures that the EQ signal is 
appropriate at the time of the FIB fix. Furthermore, as noted above, additional delay 
can result in reduced performance. 

[1008] Unfortunately, in certain very-small device technologies, data-dependent 
effects have begun to present themselves and circuits developed to accommodate 
variations in supply voltage or to tune timing paths to temperature or supply voltage 
variables do not adequately address these data-dependent effects. One such effect is 
Negative Bias Temperature Instability (NBTI). Accordingly, new techniques are 
desired to address NBTI and other similar or related effects. In addition, techniques 
are desired whereby NBTI and other similar or related effects may be advantageously 
exploited to address various sources of mismatch (including, but not limited to, NBTI 
and other similar or related effects). 

SUMMARY 

[1009] It has been discovered that post-manufacture compensation for a sensing 
offset can be provided, at least in part, by selectively exposing one of a pair of cross- 
coupled transistors in a sense amplifier to a bias voltage selected to cause a 
compensating shift in a characteristic of the exposed transistor. In designs susceptible 
to post-manufacture data dependent creep in a device characteristic, such exposure 
may be advantageously provided in situ by causing the sense amplifier to. sense values 
purposefully skewed toward a predominate value selected to cause the compensating 
shift. In some realizations, purposefully skewed values (e.g., value and value_l) are 
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introduced directly into the sense amplifier. In some realizations, an on-chip test 
block is employed to identify and characterize sensing mismatch. Typically, the 
techniques described herein may be employed to address sensing offsets that have 
developed post-manufacture due to a data-dependent effect. However, in some 
realizations,, the purposeful use of data dependent creep in a device characteristic 
(e.g., of an NBTI-related threshold voltage shift in a PMOS device) may be used tp 
address a sensing offset arising at least in part from other or additional sources. 

[1010] In some embodiments in accordance with the present invention, a memory 
circuit includes a sensing circuit including a cross-coupled pair of transistors and a 
control block responsive to detection of a sensing offset of the sensing circuit. The 
control block at least partially compensates for the detected sensing offset by 
selectively exposing one of the transistors to a bias voltage selected to cause a 
compensating shift in a characteristic of the exposed transistor. The selective 
exposure may include purposeful introduction, into the sensing circuit, of a data 
pattern having a predominate value selected to introduce data dependent creep in the 
characteristic of the exposed transistor. The data pattern may be sensed by the 
sensing circuit. The data pattern may include a sequence of the predominate value. 
The data pattern may be interspersed amongst memory cell data sensed by the sensing 
circuit. The data pattern may be introduced directly into the sensing circuit without 
writing to memory ceils to which the sensing circuit is coupled. The offsetting data 
dependent creep may be associated with negative bias temperature instability. The 
transistors may be PMOS devices. 

[1011] In one realization of the invention, the shifted characteristic of the exposed 
transistor includes its threshold voltage (V t ). The sensing offset may result, at least in 
part, from an effect that disparately affects one of the pair of transistors as compared 
with the other, the disparate effect based on a skew in a history of values read out 
from associated memory elements. The disparate effect may be associated with 
negative bias temperature instability. The sensing offset may result, at least in part, 
from an accumulated data-dependent mismatch in characteristics of the- cross-coupled 
transistors. The sensing offset may result, at least in part, from process variations in 
either the transistors or differential pair circuits to which the transistors are coupled. 
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[1012] In one realization of the invention, the transistors are PMOS devices, the 
characteristic is V t5 and the disparate effect involves a monotonic increase in V t based 
on disparate voltage bias histories of the PMOS devices. The memory circuit may 
include a test block configured to detect the sensing offset. The memory circuit may 
include a test block that selectively introduces balanced discharge paths into 
respective halves of a differential circuit sensed by the sensing circuit, the balanced 
discharge paths allowing the test block to characterize a direction of the sensing 
offset. The test block may selectively introduce imbalanced discharge paths into 
respective halves of the differential circuit to further characterize a magnitude of the 
sensing offset. 

[1013] In one realization, a test block may selectively introduce a calibrated 
imbalance into a differential circuit sensed by the sensing circuit, the calibrated 
imbalance allowing the test block to characterize the sensing offset. The control 
block may be responsive to an in situ test operation that characterizes the sensing 
offset. The in situ test operation may be executed periodically. The in situ test 
operation may introduce and successively increase an imbalance in a differential 
circuit sensed by the sensing circuit. 

[1014] A memory circuit employing techniques of the present invention may be 
embodied in computer readable descriptive form suitable for use in design, test, or 
fabrication of an integrated circuit. The memory circuit may be embodied in a cache 
of a processor integrated circuit. The memory circuit may be embodied in a computer 
system as memory addressable by a processor thereof The addressable memory may 
include cache memory integrated with the processor as a processor integrated circuit. 

[1015] In another embodiment of the present invention, a method of operating a 
semiconductor memory includes detecting a sensing offset in a sensing circuit that , 
includes a cross-coupled pair of transistors and at least partially compensating for the 
detected sensing offset by selectively exposing one of the transistors to a bias voltage 
selected to cause a compensating shift in a characteristic of the exposed transistor. 
The method may include introducing into the sensing circuit a data pattern having a 
predominate value selected to cause data dependent creep in the characteristic of the 
exposed transistor. The data pattern may be sensed by the sensing circuit. The data 
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pattern is interspersed amongst memory cell data sensed by the sensing circuit. The 
compensating shift may include a negative bias temperature instability induced shift 
in V t of the exposed transistor based on voltage bias history thereof. The method may 
include directly introducing the data pattern into the sensing circuit without writing to 
memory cells to which the sensing circuit is coupled. The data dependent creep may 
be associated with NBTI. The transistors may be PMOS devices. The characteristic 
of the exposed transistor may include its V t . The sensing offset may result, at least in 
part, from an accumulated data-dependent mismatch in characteristics of the cross- 
coupled transistors. The sensing offset may result, at least in part, from a disparate, 
NBTI-induced shift in V t of at least one of the cross-coupled transistors based on 
disparate voltage bias histories thereof. The sensing offset may result, at least in part, 
from process variations in either the transistors or differential pair circuits to which 
the transistors are coupled. In one realization, the transistors are PMOS devices, the 
characteristic is V t , and the sensing offset involves a monotonic increase in V t based 
on disparate voltage bias histories of the PMOS devices. The method may include 
introducing a balanced pair of discharge paths into respective halves of a differential 
circuit sensed by the sensing circuit, and characterizing a direction of the sensing 
offset based on a value sensed in presence of the introduced discharge paths. The 
method may include introducing imbalanced discharge paths into respective halves of 
the differential circuit to further characterize a magnitude of the sensing offset. In one 
realization, the method includes introducing a calibrated imbalance into a differential 
circuit sensed by the sensing circuit, and sensing the differential circuit to characterize 
the sensing offset. The method may include performing an in situ test operation to 
characterize the sensing offset. The in situ test operation may be executed 
periodically. 

[1016] In yet another embodiment of the present invention, a method of 
compensating for accumulated data-dependent post-manufacture creep in a 
characteristic of one or more devices of a sensing circuit of a semiconductor memory 
includes performing an in situ test operation that characterizes a sensing offset of the 
sensing circuit and selectively exposing one of the devices to a bias voltage selected 
to cause a compensating shift in a characteristic thereof and thereby at least partially 
correcting the sensing offset. The devices may include PMOS devices configured in 
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opposition and the characteristic is a V t of the PMOS devices. The post-manufacture 
creep may result from disparate voltage bias histories experienced by the devices. 
The post-manufacture creep may result from NBTI-induced shifts in V t of the devices. 
The compensating shift may result from an NBTI-induced shift in V t of the exposed 
device. The devices may be configured in opposition and the post-manufacture creep 
may disparately affect one of the opposing devices as compared with the other, the 
disparate effect based on a skew in a history of values read out from memory 
' elements associated with the sensing circuit. The compensating shift may result from 
post-manufacture creep that disparately affects one of the opposing devices as 
compared with the other, the disparate effect based on a purposefully introduced skew 
in a history of values sensed by the sensing circuit. 

[1017] In still yet another embodiment of the present invention, an integrated 
circuit includes a differential circuit susceptible to an accumulated data-dependent 
post-manufacture creep in a characteristic of a first device thereof, the characteristic 
creep affecting a sensing offset of the differential circuit and a biasing circuit 
introducible into the differential circuit to cause an accumulated compensating shift in 
the characteristic of a second device thereof and thereby at least partially reducing the 
sensing offset. The integrated circuit may include a test circuit, the biasing circuit 
responsive to the test circuit. The integrated circuit may include a test circuit that at 
least characterizes a direction of the sensing offset. The integrated circuit may 
include a differential bit-line pair and the differential circuit may include a sense 
amplifier coupled thereto. The data-dependent post-manufacture creep may be 
associated, at least in part, with an NBTI effect. The compensating shift may be 
associated, at least in part, with an NBTI effect. The device may be a PMOS device 
and the characteristic may include a threshold voltage thereof. The integrated circuit 
may be embodied in computer readable descriptive form suitable for use in design, 
test, or fabrication of the integrated circuit. The integrated circuit may be embodied 
in a cache of a processor integrated circuit. The integrated circuit may be embodied 
in a computer system as memory addressable by a processor thereof. 

[1018] In still yet another embodiment of the present invention, an integrated 
circuit chip compensates, in situ, for a sensing offset at least in part by selectively 
exposing one of a pair of cross-coupled transistors to a bias voltage selected to cause a 
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/ compensating shift in a characteristic of the exposed transistor. The cross-coupled 
devices may be PMOS devices and the characteristic may be a V t of the PMOS 
devices. The sensing offset may be associated, at least in part, with an NBTI effect. 
The compensating shift may be associated, at least in part, with an NBTI effect. The 
integrated circuit chip may include a test block that at least characterizes a direction of 
the sensing offset. The integrated circuit chip may be embodied as a semiconductor 
memory. The integrated circuit chip may be embodied as a processor integrated 
circuit including memory or cache. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[1019] The present invention may be better understood, and its numerous objects, 
features, and advantages made apparent to those skilled in the art by referencing the 
accompanying drawings. 

[1020] FIG. 1 depicts an illustrative memory array. 

[1021] FIG. 2 depicts an illustrative sense amplifier design in which opposing 
PMOS devices are susceptible to disparate data-dependent bias voltage histories and 
for which a sensing offset may be compensated by employing techniques in 
accordance with the present invention to purposefully shift a characteristic of a 
susceptible device. 

[1022] FIG. 3 depicts a configuration, in accordance with some embodiments of 
the present invention, in which a calibrated test circuit is employed to characterize a 
sensing offset. The sensing offset may be at least partially compensated by exploiting 
disparate data dependent effects on cross-coupled devices of a sense amplifier. 

[1023] FIGS. 4-7 depict various illustrative configurations for a test circuit that 
may be employed in some embodiments in accordance with the present invention to 
identify and characterize a sensing offset in situ. 

[1024] The use of the same reference symbols in different drawings indicates 
similar or identical items. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

[1025] The description herein focuses on an illustrative set of sense amplifier 
circuits and devices, namely PMOS devices thereof, for which a particular source of 
disparate post-manufacture creep in characteristics is discussed. In particular, the 
description focuses on negative bias temperature instability-based (NBTI-related) V t 
shift based on disparate bias histories of opposing PMOS devices of a sense amplifier 
of a memory circuit. Negative bias temperature instability-based V t shift may 
increase the threshold voltage (V t ) of a PMOS device as a function of the historical 
amount of voltage bias that has been applied across the gate and source/drain nodes. 
In some circuit designs, sensing predominantly one value may tend to disparately 
affect one device (or set of devices) as compared with an opposing device (or set of 
devices). In other words, if the same data value is read repeatedly, then one of two 
opposing PMOS devices of a typical sense amplifier will accumulate an NBTI-related 
V t shift, while the opposing PMOS device will accumulate little or no shift. The 
accumulated mismatch tends to cause an increase in the sense amplifier fail-point. It 
is important to note that NBTI-related effects can be both a source of sensing offset 
(e.g., in a sense amplifier of a semiconductor memory) that the described techniques 
seek to address and a mechanism for purposefully introducing into a sensing circuit 
that exhibits a sensing offset, a compensating shift in a device characteristic. 

[1026] While the particular data-dependent effects illustrated represent an 
important source of disparate effects (and resulting offsets) for which techniques of 
the present invention are well adapted to address (and employ), the invention is not 
necessarily limited thereto. Indeed, based on the description herein, persons of 
ordinary skill in the art will appreciate applications to other sources of device 
mismatch in differential circuits. As with NBTI-based effects, other sources of 
mismatch may be a source of disparate effects and/or a mechanism for introducing 
compensation. Other effects may include channel hot carrier or tunneling-related 
effects that disparately affect susceptible configurations of devices. Furthermore, 
although the techniques described herein are particularly attractive to compensate for 
disparate post-manufacture creep in device characteristics, in some exploitations, the 
invented techniques may be employed, in whole, or in part, to address mismatch 
introduced through process and/or manufacturing variations. 
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[1027] While the NBTI-related V t shift is generally monotonia other effects need 
not be so and may decay over time. Similarly, disparities in device characteristics 
may grow or diminish based on the particular bias or data histories experienced by a 
susceptible configuration of opposing devices. Given a particular disparate effect on 
opposing devices, test and variable delay compensation techniques described herein 
may be employed or adapted to improve memory system performance. Based on the 
description herein, persons of skill in the art will appreciate suitable variations on the 
described techniques for other susceptible circuit configurations and effects. 
Accordingly, in view of the foregoing, and without limitation, illustrative sense - 
amplifier circuits susceptible to NBTI-related V t shift in opposing PMOS devices 
thereof and suitable test and compensation techniques are now described. 

[1028] Figure 1 depicts an illustrative memory circuit 100, which is largely 
conventional in design. Address decode logic 101 and column select logic (e.g., write 
column select logic 102 and read column select logic 103) provide row (or word line) 
and column select addressing into an array 110 of memory cells 111. The illustration 
of FIG. 1 depicts multiple sense amplifiers 120 each corresponding to a column of the 
array. Timing of each of the depicted sense amplifiers is controlled, at least in part, 
according to a timing or strobe signal (e.g., timing signal EQ). In general, sense 
amplifiers may be of any conventional design, including voltage sensing and current 
sensing designs, and based on the description herein, persons of skill in the art will 
appreciate a wide variety of suitable designs. Of course, other suitable array 
configurations may multiplex a given sense amplifier across multiple columns and/or 
incorporate support for other addressing models, redundant rows or columns, etc. 

[1029] Signal labels are arbitrary and will be understood as illustrative. For 
example, while timing signal EQ may suggest equilibration for some realizations, it 
should not be taken as limiting. Indeed, as used herein, timing signal EQ is 
representative of any of a variety of sense amplifier timing signals that may be 
employed in a particular design and for which techniques of the present invention 
may be employed to accommodate post-manufacture shift in device characteristics 
through selective introduction of delay. 
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[1030] During typical SRAM operation, data is stored in a memory cell as a pair 
of true data and its complement, e.g., ' 1 ' and '0'. Before the read operation, both the 
BITLINE and BITLINEL are precharged to VDD. When the memory cell is read, 
the true data, e.g., 'I, 5 is connected to BITLINE and the compliment data, e.g., '0,' is 
connected to BITLINE_L. As a result, the voltage on BITLINE L begins to fall 
while the voltage on BITLINE remains at VDD. When read column select 103 is 
enabled, BITLINE and BITLINEL are connected to SA and S A J respectively. The 
voltage difference transfers from BITLINE and BITLINE L to SA and SA_L, 
respectively. When sense amplifier 120 is enabled, it senses and amplifies the small 
voltage/current difference between the SA and SA_L nodes. 

[1031] Referring now to FIG. 2, an illustrative sense amplifier 120 includes 
opposing PMOS devices 221 and 222. Under expected design conditions, DOUT and 
DOUT_L of sense amplifier 120 have logic values corresponding to the data stored in 
the memory cell. However, mismatches between the sides of the sense amplifier 120 
or the memory structure 110, could result in sense amplifier 120 reading incorrect 
data. As described above, traditional mismatches (e.g., layout mismatches, process 
variations) typically do not vary during circuit operation. However, NBTI is an effect 
that changes depending on the history of the data read through sense amplifier 120. If 
sense amplifier 120 reads from memory a large block of similar data (for example a 
long sequence of 4 l's), then, during these reads, one half of sense amplifier 120 is 'on' 
during the read of this block of data while the other half is 'off during the read of this 
block of data. The device driving the SA node, transistor 222, is 'on' during this time 
while the matched device, transistor 221, driving the SA_L complement node is 'off 
during this time. As a result, the NBTI effect is pronounced in transistor 222, i.e., the 
threshold voltage (V t ) for transistor 222 increases while the V t for transistor 221 
remains constant. To avoid sense amplifier failures due to NBTI, a sense amplifier 
would generally need to tolerate a worst case NBTI shift. 

[1032] Mechanisms have been developed to address NBTI and other similar or 
related effects. In addition, techniques are desired whereby NBTI and other similar or 
related effects may be advantageously exploited to address various sources of 
mismatch (including, but not limited to, NBTI and other similar or related effects). 
Figure 3 illustrates an exemplary memory circuit 300. Memory column 304, column 
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select/decode 306, and sense amplifier 120 may be, but are not limited to, typical 
components of SRAM circuits. Memory column 304 includes memory cells coupled 
to common complementary traces BITLINE and BITLINEJL. Column select/decode 
306 is typically a multiplexing circuit that couples the complementary traces 
BITLINE and BITLINE L of memory column 304 to the SA and SA_L nets of sense 
amplifier 120. Sense amplifier 120 senses the data stored in a memory cell selected 
from memory column 304. Test block 302 tests for mismatches between the two 
sides of the sense amplifier 120, memory column 304, and column select/decode 306. 
Control block 308 generates control signals for test block 302, reads the output of 
sense amplifier 120, and writes to the SA and SA_L nodes of sense amplifier 120. 
Test block 302 includes multiple output ports that are all connected back to a single 
pair of opposing bitline signals (e.g., BITLINE and BITLINEJL). Test block 302 
drives 'low' (i.e., discharges) both BITLINE and BITLINEJL. Under ideal 
conditions, electrical characteristics of each device and conductive path of sense 
amplifier 120 and memory column 304 match exactly to a corresponding device and 
conductive path of a respective half of sense amplifier 120 and memory column 304 
and the sense amplifier output will float. However, in practice, a mismatch generally 
exists, causing DOUT and DOUT L of sense amplifier 120 to output a '1' or a '0' 
value, depending upon which of the respective halves of sense amplifier 120 and/or 
memory column 304 the mismatch strengthens. 

[1033] In one realization, the halves of test block 302 include devices with 
incrementally increasing strengths, represented by sizes IX, 2X, NX. The widths 
and lengths of the devices in test block 302 are preferably sized larger than the 
devices in memory column 304 to minimize the mismatches introduced by test block 
302. Figures 4-7 illustrate exemplary embodiments of test circuit 302 including two 
distinct discharge paths of selectable strengths. Referring to FIG. 4, inverters 402 and 
404 receive VDD inputs, providing a path to ground by enabling an n-transistor 
within the inverters. The strength of the discharge paths provided by inverters 402 
and 404 may be varied and introduced to the opposing bit-line signals by selectively 
enabling transistors 406-10 and 412-16, respectively. Transistors 406-10 and 412-16 
include devices of strengths varied by the W/L of the individual devices. { 
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[1035] Circuit 500 of FIG. 5 provides discharge paths with strengths adjusted by 
selectively enabling a path to ground in tri-state inverters 502-06 and 508-12 
respectively. Since tri-state inverters 502-06 and 508-12 receive VDD inputs, an n- 
channel device in each tri-state inverter is enabled, providing a path to ground. The 
devices included in tri-state inverters 502-06 and 508-12 are sized to incrementally 
increase the strength of the discharge paths created therefrom. The discharge paths 
created by tri-state inverters 502-06 and 508-12 are selectively introduced to the 
opposing bitline signals via signals from control block 308. In addition, control block 
308 selectively introduces the discharge paths to BITLINE and BITLINE_L by 
enabling transistors 514 and 516, respectively. 

[1036] In FIGS. 6 and 7, discharge paths are selectively loaded to vary their 
strengths. With reference to FIG. 6, circuit 600 inverters 614 and 616 are configured 
to provide a discharge path, weakened by selectively coupling capacitors 602-06 and 
608-12, respectively. Transistors 618 and 620, when enabled, couple the discharge 
paths to BITLINE and BITLINE L, respectively. Circuit 700 of FIG. 7 weakens the 
discharge paths provided by inverters 714 and 716, by selectively coupling resistors 
702-06 and 708-12, respectively. 

[1037] Circuits 400, 500, 600, and 700 illustrate different techniques for 
implementing and varying the strength of discharge paths. In general, these 
techniques are not exclusive and persons of skill in the art will appreciate a wide 
variety of suitable designs. Other suitable circuit configurations may combine 
individual elements of circuits 400, 500, 600, and 700 to vary strength granularities of 
the discharge paths and/or to meet particular design constraints. 

[1038] By selectively coupling different combinations of device strengths to 
BITLINE and BITLINE l, test block 302 simulates a mismatch. In the following 
example, under ideal conditions, both BITLINE and BITLINE_L are precharged to 
VDD and coupled to circuit 400. BITLINE is coupled to a device of size IX and 
BITLINEJL is coupled to a device of size 2X. At the start time of the test, the IX 
device pulls BITLINE low and the 2X device pulls BITLINE_L low. After an 
evaluation period, the voltage level at BITLINEJL is lower than the voltage level at 
BITLINE because the 2X device is stronger than the IX device. Sense amplifier 120 
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evaluates at the end of the evaluation period and detects the voltage difference on 
BITLINE and BITLINE_L, producing an expected output, DOUT, of c 1 

[1039] In the above example, the expected output will be the actual output when 
the devices and wires included in sense amplifier 120 and memory column 304 are 
exactly matched, or even if a mismatch exists but the mismatch effect is less than the 
effect of the simulated mismatch corresponding to lx and 2x devices on BITLINE 
and BITLINE_L, respectively. However, if the actual mismatch in sense amplifier 
120 and/or memory column 304 is greater than the simulated mismatch introduced by 
using lx and 2x devices, on BITLINE and BITLINE_L, respectively, and the real 
mismatch causes the structure to be skewed more towards reading a '0, ' then sense 
amplifier 120 output produces a DOUT of '0.' By equating pairs of device strengths 
to specific values of mismatch, these device pairs can be used to identify the presence 
of a mismatch, characterize the stronger side of sense amplifier 120 and memory 
column 304, and characterize the approximate magnitude of the effective mismatch. 

[1040] Control block 308 selects the strengths of the devices in test block 302 for 
coupling to BITLINE and BITLINE L. In addition, control block 308 reads DOUT 
and DOUTL and compares them to the values expected if no mismatch is present. 
From this comparison, control block 308 determines the direction and approximate 
magnitude of the mismatch. In response to this determination, control block 308 
writes '0's or 4 1 's directly to SA and SA_L of sense amplifier 120 to build up the 
NBTI effect on the stronger side of memory column 304 and sense amplifier 120. 

[1041] The direction and approximate magnitude of the mismatch may be 
determined by control block 308 using any suitable algorithm, technique, or ordering 
of a test sequence. In one realization, control block 308 introduces balanced 
discharge paths configuring test block 302 with the device strength pair IX and IX 
coupled to BITLINE and BITLINE_L, respectively. Then control block 308 reads 
DOUT and DOUT_L to determine the direction of the mismatch, i.e., which side of 
sense amplifier 120 and memory column 304 is stronger. For example, if 
BITLINE_L evaluates high, then DOUT is '0' and the BITLINE_L side is stronger. 
After ^determines the direction of the mismatch, control block 308 selectively 
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couples a device pair of test block 302 to BITLINE and BITLINEL that strengthens 
the weaker side (e.g., lx and 2x, respectively, where BITLINEL is stronger). 

[1042] If DOUT then evaluates as ' 1 then the control block 308 determines that 
sense amplifier 120 and memory column 304 are slightly skewed towards 
BITLINE_L evaluating high, but the mismatch is less than a mismatch detectable by 
this mechanism. Under these circumstances, control block 308 concludes that no 
adjustment is needed and ceases the testing until the next time testing is triggered. If 
DOUT is '0,' then control block 308 determines that the skew is greater than a value 
indicated by the simulated mismatch introduced by test block 302. This value 
depends on process characteristics and on the size of the IX devices in test block 302 
relative to the transistors in the memory column 304 and sense amplifier 120. 

[1043] Control block 308 may calibrate the imbalance by successively increasing 
the imbalance and introducing device value pairs IX and 3X, IX and 4X, . . ., IX and 
NX until control block 308 identifies the closest approximate value of the mismatch 
or until it detects a significant mismatch that needs correcting. Once control block 
308 detects a significant amount of mismatch and identifies the stronger side of sense 
amplifier 120 and memory column 304, control block 308 writes a sequence of 6 l's or 
'0's to sense amplifier 120 to build up the NBTI effect on the stronger side of sense 
amplifier 120 and memory column 304 to weaken it. 

[1044] The above-described process of detecting, characterizing, and 
compensating for device mismatch may be triggered during burn-in to balance out the 
memory circuitry from any process or design mismatches. In addition, this process 
may be initiated periodically or upon detecting sensing memory errors to balance out 
the memory circuitry from any NBTI related skews. 

[1045] While the invention has been described with reference to various 
embodiments, it will be understood that these embodiments are illustrative and that 
the scope of the invention is not limited to them. Many variations, modifications, 
additions, and improvements are possible. For example, while much of the 
description herein has focused on the illustrative context of NBTI-related V t shift in 
PMOS devices of a sense amplifier, techniques of the present invention may be 
applied to accommodate or exploit other sources of disparate degradation or shift in 
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characteristics of opposing or complementary devices of a differential circuit. Other 
disparate effects, including other disparate data-dependent effects, channel hot carrier 
induced effects, and accumulated, persistent or decaying levels may all be addressed 
and/or employed using techniques of the present invention. Similarly, although cache 
memory of a processor integrated circuit may profitably employ or exploit techniques 
of the present invention (e.g., for sense amplifier timing) other exploitations are also 
suitable. 

[1046] More generally, realizations in accordance with the present invention have 
been described in the context of particular embodiments. These embodiments are 
meant to be illustrative and not limiting. Accordingly, plural instances may be 
provided for components described herein as a single instance. Boundaries between 
various components, operations and circuits are somewhat arbitrary, and particular 
operations are illustrated in the context of specific illustrative configurations. Other 
allocations of functionality are envisioned and may fall within the scope of claims that 
follow. For example, in some realizations, aspects of array test and device exposure 
may be performed using circuits, under control of software, or using a combination of 
circuit and software functionality. 

[1047] While circuits and physical structures are generally presumed, it is well 
recognized that in modern semiconductor design and fabrication, physical structures 
and circuits may be embodied in computer readable descriptive form suitable for use 
in subsequent design, test, or fabrication stages as well as in resultant fabricated 
semiconductor integrated circuits. Accordingly, claims directed to traditional circuits 
or structures may, consistent with particular language thereof, read upon computer 
readable encodings and representations of same, whether embodied in media or 
combined with suitable reader facilities to allow fabrication, test, or design refinement 
of the corresponding circuits and/or structures. Finally, structures and functionality 
presented as discrete components in the exemplary configurations may be 
implemented as a combined structure or component. These and other variations, 
modifications, additions, and improvements may fall within the scope of the invention 
as defined in the claims that follow. 
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